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ABSTRACT 

A wel l -cont ro l led  oceanic  impact f o r  t h e  S- IVB 
s t a g e s  of  t h e  manned Skylab m i s s i o n s  can be achieved wi th  
an o f f -pe r igee  s p a c e c r a f t  i n s e r t i o n  i n t o  an o r b i t  wi th  a 
120 nm apogee a l t i t u d e  and a r e l a t i v e l y  l o w  p e r i g e e  
a l t i t u d e .  The s p a c e c r a f t  would perform an SPS propu l s ive  
maneuver a t  i t s  f i r s t  apogee t o  achieve  an 81  x 1 2 0  nm 
o r b i t .  The S-IVB cont inues  on i t s  i n s e r t i o n  o r b i t ,  e n t e r s  
t h e  atmosphere on i t s  f i r s t  r e v o l u t i o n ,  and impacts i n  a 
p re - se l ec t ed  ocean ic  a rea .  V a r i a t i o n s  i n  S-IVB impact 
p o i n t  l o c a t i o n  r e s u l t i n g  from va r ious  p e r t u r b a t i o n s  of t h e  
S-IVB t r a j e c t o r y  are small. T h e  c u r r e n t l y  base l ined  
technique  is t o  abandon t h e  S - I n  stages i n  an 8 1  x 1 2 0  
nm o r b i t .  In t h i s  c a s e ,  t he  S- IVB stages w i l l  impact about  
one day a f t e r  launch and the impact p o i n t  may be located 
anywnere aiong the ground track a t  several consecut ive  
o r b i t s  . 

T h i s  S - I V B  d i s p o s a l  c a p a b i l i t y  i s  ob ta ined  f o r  
no pena l ty  i n  launch v e h i c l e  performance or  launch 
o p p o r t u n i t i e s ,  and no hardware or  so f tware  mod i f i ca t ions  
t o  t h e  launch v e h i c l e  or s p a c e c r a f t  are r equ i r ed .  The 
c u r r e n t l y  b a s e l i n e d  rendezvous p r o f i l e  may be used. 
Iiowever, i f  an Ind ian  Ocean impact l o c a t i o n  is  s e l e c t e d ,  
an a d d i t i o n a l  r e v o l u t i o n  i n  t h e  rendezvous phase of  t h e  
a s c e n t  t r a j e c t o r y  may be requi red .  An ARIA a i r c r a f t  
located so as t o  provide communication wi th  t h e  CSM dur ing  
or s h o r t l y  a f t e r  t h e  p e r i g e e - l i f t  maneuver is probably 
r e q u i r e d  f o r  v e r i f i c a t i o n  of t h e  maneuver. -- .- - 
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I. INTRODUCTION 

Previous s t u d i e s  have i n d i c a t e d  t ha t  l a r g e  p i e c e s  
of  o rb i t a l  d e b r i s  a t  l o w  a l t i t u d e s ,  such as abandoned 
launch v e h i c l e  stages, w i l l  experience o r b i t a l  decay, 
p a r t i a l l y  s u r v i v e  t h e  descen t  through t h e  atmosphere and 
impact t h e  s u r f a c e  of  t h e  ea r th .  I n  p a r t i c u l a r ,  t h e  S- IVB 
s t a g e s  of  t h e  Skylab SL-2, 3, and 4 launch v e h i c l e s  are 
to  be abandoned i n  a 81x120 nm o r b i t  and are expected t o  
impact t h e  earth i n  a l i t t i e  more than  one day a f t e r  launch. 
The impact p o i n t  l o c a t i o n  is highly unce r t a in .  Var i a t ions  
i n  t h e  atmospheric d e n s i t y  a lone can cause t h e  impact p o i n t  
to occur  up t o  t w o  r evo lu t ions  from t h e  nominal impact 
nn; n t  I-*..- . 

This memorandum desc r ibes  a method of  provid ing  
a c o n t r o l l e d  impact p o i n t  i n  a p re - se l ec t ed  ocean ic  area 
f o r  a Skylab S-IVB stage. The b a s i c s  of  t h e  method w i l l  
be d i s c u s s e d  i n  Sec t ion  I1 and example cases wi th  nominal 
impact p o i n t s  i n  t h e  Indian  and P a c i f i c  Oceans w i l l  be 
given,  Var i a t ions  i n  impact po in t  l o c a t i o n  r e s u l t i n g  from 
v a r i a t i o n s  i n  launch v e h i c l e  performance, S-IVB c o e f f i c i e n t  
o f  drag, and atmospheric dens i ty  w i l l  also be d i scussed ,  
as w i l l  launch window and rendezvous cons ide ra t ions .  

I1 0 DISCUSSION 

A, Descr ip t ion  of S - I V B  Disposal  Method 

The c u r r e n t  nominal mission p r o f i l e  for a manned 
Skylab mission i n c l u d e s  a launch i n t o  t h e  pe r igee  of  an 
81x120 nm e a r t h  o r b i t .  A t  t h e  second apogee, t h e  CSM makes 
the first i n  a sequence of p ropu l s ive  maneuvers which 
accomplish a rendezvous w i t h  the  O r b i t a l  Assembly (OA) 
The method of S-IVB d i s p o s a l  t o  be d i scussed  here c o n s i s t s  



- 2 -  

of i n s e r t i n g  t h e  CSM a t  an of f -per igee  c o n d i t i o n  such t h a t  
t h e  rendezvous c a p a b i l i t y  of the s p a c e c r a f t  i s  preserved ,  
and a we l l - con t ro l l ed  S-IVB decay t r a j e c t o r y  t o  a pre- 
s e l e c t e d  impact area is  achieved. A f t e r  i n s e r t i o n  and 
s e p a r a t i o n  of t h e  CSM from t h e  S-IVB s t a g e ,  the CSM and 
S-IVB are i n  o rb i t s  wi th  an  apogee a l t i t u d e  of 1 2 0  nm and 
r e l a t i v e l y  l o w  pe r igee  a l t i t u d e s .  A t  t h e  f i r s t  CSM apogee, 
which occurs  w i t h i n  t h e  f i r s t  h a l f - o r b i t ,  t h e  CSM raises 
its pe r igee  a l t i t u d e  t o  81  nm wi th  a p e r i g e e - l i f t  maneuver 
us ing  t h e  Service Propuls ion System (SPS).  I t  i s  envis ioned  
t h a t  t h e  p e r i g e e  l i f t  maneuver would be a s imple,  h o r i z o n t a l  
de l t a -v  maneuver o f  f i x e d  magnitude wi th  no ground suppor t  
o r  on-board t a r g e t i n g  required.  A t  m o s t ,  a crew chart 
m i g h t  be c a r r i e d  t o  determine t h e  de l t a -v  r equ i r ed  t o  
account f o r  s u b s t a n t i a l  i n s e r t i o n  d i s p e r s i o n s .  The  CSM 
t hen  proceeds t o  rendezvous with the OA i n  e s s e n t i a l l y  t h e  
same manner as c u r r e n t l y  planned. The Reaction Cont ro l  
System (RCS)  i s  a v a i l a b l e  as a backup propuls ion  system 
for t h e  p e r i g e e - l i f t  maneuver. The S-IVB stage remains 
i n  a l o w  pe r igee  o r b i t ,  encounters  t h e  atmosphere on i ts  
f i r s t  r evo lu t ion ,  and impacts i n  an area determined by i t s  
aerodynamic c h a r a c t e r i s t i c s  and i ts  o r b i t a l  c h a r a c t e r i s t i c s  
a t  e n t r y  i n t o  t h e  atmosphere. 

Shown i n  F igure  1 i s  t h e  ocean ic  p o r t i o n  of t h e  
f irst  revo lu t ion  ground t r a c k .  Except Tor tne excluded 
areas t h a t  i nc lude  islandsi the desired irnpazt pairit  of 
t h e  S-IVB can be taken a t  any p o i n t  on t h i s  ground t r a c k .  
Two impact p o i n t s ,  l o c a t e d  i n  the  Indian  Ocean a t  a 
l ong i tude  of 1 0 5  degrees  and i n  t h e  Pacif ic  Ocean a t  a 
long i tude  of -123 degrees ,  were s e l e c t e d  f o r  f u r t h e r  s tudy.  

Shown i n  F igure  2 are t h e  o r b i t a l  cond i t ions  
r e q u i r e d  a t  s p a c e c r a f t  i n s e r t i o n  t o  achieve  (1) a f irst  
CSM apogee a l t i t u d e  of 120 nm w i t h i n  t h e  f i r s t  h a l f - o r b i t ,  
and (2) a nominal S-IVB impact i n  t h e  Ind ian  Ocean a t  a 
long i tude  o f  105  degrees .  The f l i g h t  pa th  angle  a t  
i n s e r t i o n  and t h e  pe r igee  and apogee a l t i t u d e s  of the 
i n s e r t i o n  o r b i t  are p l o t t e d  as a func t ion  of t h e  i n s e r t i o n  
a l t i t u d e .  An example of t h i s  family of i n s e r t i o n  o r b i t s  
c o n s i s t s  of an i n s e r t i o n  a l t i t u d e  of  82.2 an i n s e r t i o n  
f l i g h t  pa th  angle  of .9 degrees ,  and an i n s e r t i o n  o r b i t  
w i th  a pe r igee  a l t i t u d e  of about -1 nm and an apogee 
a l t i t u d e  of about  120 nm. Details of an i n v e s t i g a t i o n  of 
t h i s  example t r a j e c t o r y  w i l l  L e  g iven la ter  i n  t h i s  
memorandum . 
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Shown i n  F igure  3 are t h e  o r b i t a l  cond i t ions  
r equ i r ed  a t  s p a c e c r a f t  i n s e r t i o n  t o  achieve a f i r s t  CSM 
apogee a l t i t u d e  of  1 2 0  run and a nominal S-IVB impact i n  
the P a c i f i c  Ocean a t  a longi tude  of  -123  degrees .  
exaniple of t h i s  family of i n s e r t i o n  o r b i t s  which w i l l  be 
d i scussed  f u r t h e r  c o n s i s t s  o f  an i n s e r t i o n  a l t i t u d e  of 
76.7 nm, an i n s e r t i o n  f l i g h t  path angle  of .5 degrees ,  and 
an i n s e r t i o n  o r b i t  wi th  a per igee  a l t i t u d e  o f  about  5 3  nm 
and an  apogee a l t i t u d e  of  about 1 2 0  nm. 

An 

The data f o r  F igures  2 and 3 were obta ined  from 
computer-simulated t r a j e c t o r i e s  genera ted  wi th  t h e  B e l l c o m m  
A p o l l o  Simulat ion Program. T h e  v e h i c l e  c h a r a c t e r i s t i c s  
used for  t h e  S-IVB and CSM are shown i n  Table 1. 
f o r  the  CSM weight ,  these d a t a  w e r e  taken from References 
1 and 2. T h e  CSM weight w a s  taken t o  be t h e  SL-2 c o n t r o l  
weight  of 31000 lbs .  T h i s  i s  s e v e r a l  hundred pounds greater 
than t h e  c u r r e n t  CSI4 weight and, as s h a l l  be shown la te r ,  
is  s u f f i c i e n t  t o  c a r r y  t h e  a d d i t i o n a l  SPS p r o p e l l a n t  
r equ i r ed  f o r  t h e  p e r i g e e - l i f t  maneuver. 

Except 

Tile S-IVB w a s  assumed t o  L e  i n  a nose-on a t t i t u d e  
f o r  15 minutes a f t e r  i n s e r t i o n  and tumbling thereafter t o  
impact. 

i3. I n v e s t i q a t i o n  of Se lec t ed  iixamples 

T h e  s p e c i f i c  i n s e r t i o n  o rb i t s  selected i n  the 
previous  s e c t i o n  were examined t o  determine the e f f e c t s  
of  v a r i a t i o n s  i n  the atmospheric d e n s i t y ,  S-IVB c o e f f i c i e n t  
o f  d rag ,  and i n s e r t i o n  condi t ions  on t h e  S-IVB impact p o i n t  
l o c a t i o n .  
rendezvous o p p o r t u n i t i e s ,  and t h e  requirements  of  t h e  
p e r i g e e - l i f t  maneuver w e r e  examined. 

A l s o ,  d i f f e r e n c e s  i n  the launch t r a j e c t o r y  and 

1. S-IVB Impact P o i n t  Dispersions 

Computer s imula ted  decay trajectories f o r  t h e  
S-IVB w e r e  genera ted  for s e v e r a l  off-nominal cond i t ions  
t o  determine t h e  s e n s i t i v i t y  of t h e  impact p o i n t  l o c a t i o n  
t o  va r ious  p e r t u r b a t i o n s .  The S- IVB decay trajectories 
t h a t  w e r e  generated are l i s ted  below: 
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a. 

b. 

C. 

d. 

e. 

Nominal 

Maximum drag  (+lo3 error  i n  S-IVB 
c o e f f i c i e n t  of drag and +2 sigma atmos- 
p h e r i c  d e n s i t y )  

Minimum drag  ( -10% error i n  S-IVB 
c o e f f i c i e n t  of drag and - 2  sigma atmos- 
p h e r i c  d e n s i t y )  

- + 3  sigma r a d i a l  p o s i t i o n  d i s p e r s i o n s  
a t  i n s e r t i o n .  

- +3 sigma v e l o c i t y  magnitude d i s p e r s i o n s  
a t  i n s e r t i o n .  

The atmospheric  d e n s i t y  model used w a s  t h e  MSFC s p e c i a l  
1 9 6 2  dynamic model wi th  s o l a r  a c t i v i t y  p r e d i c t e d  f o r  May 
1, 1973. The three sigma r a d i a l  and v e l o c i t y  i n s e r t i o n  
d i s p e r s i o n s  w e r e  taken from Reference 3 and were 2106 f e e t  
and 5.61 f p s  r e s p e c t i v e l y .  

Shown i n  F igure  4 are t h e  l oc i  of impact p o i n t s  
r e s u l t i n g  from the above pe r tu rba t ions .  C l e a r l y ,  t h e  S- 
IVB impact p o i n t  i s  w e l l  con t ro l l ed .  T h e  f o o t p r i n t s  
con ta in ing  t h e  S-IVB impact points resulting f r o m  t h e  above 

impact,  and 1160 nm long f o r  t h e  P a c i f i c  Ocean impact. 
perturbations are cnly 4 0 8  nm l m g  fcr the  Indian Oceall 

2. Launch Tra jec tory  Cons idera t ions  

S ince  a launch t r a j e c t o r y  d i f f e r e n t  from the 
c u r r e n t l y  base l ined  t r a j e c t o r y  is  being cons idered  here, 
a number o f  c r i t i ca l  parameters concerning t h e  t r a j e c t o r y  
must be eva lua ted .  These inc lude  t h e  payload c a p a b i l i t y ,  
the m a x i m u m  dynamic p r e s s u r e  (q max), aerodynamic h e a t i n g  
i n d i c a t o r  ( M I )  a t  i n s e r t i o n ,  t h e  dynamic p r e s s u r e  (9) a t  
t h e  t i m e  of  launch escape system (LES) j e t t i s o n  and a t  
i n s e r t i o n ,  and t h e  minimum t i m e  of f r e e  f a l l  

of  300000 f e e t  a f te r  LES j e t t i s o n .  ( T h e  t i m e  of free f a l l  
t o  300000 f e e t  should be g r e a t e r  than  100  seconds from the 
t i m e  of LES j e t t i s o n  u n t i l  i n s e r t i o n .  T h i s  p rovides  
adequate  t i m e  for  Command Module/Service Module s e p a r a t i o n  
and Command Module o r i e n t a t i o n  to  an e n t r y  a t t i t u d e  i n  t h e  
even t  of  an abort.) This  data is p resen ted  f o r  t h e  t w o  
example launch trajectories i n  t h e  fol lowing table. 

( T f f )  t o  an a l t i t u d e  
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Ind ian  Pacif ic  
Ocean Ocean 
Impact Impact 

I n s e r t i o n  A l t i t u d e ,  nm 
I n s e r t i o n  FPA, Ueg 

82.2 
0.9 

76.7 
0.5 

Payload Gain a t  I n s e r t i o n ,  443. 
LbS* 

246 . 
q Max Inc rease*  05% . a% 
MI1 Increase*  2.2% 2.6% 

q a t  LES J e t t i s o n ,  p s i  .0024 .0025 

q a t  I n s e r t i o n ,  p s i  .0000048 .0000077 

Min. tPf after LES J e t t i s o n ,  148. 
Sec 

%Relative t o  a launch t r a j e c t o r y  i n t o  a p e r i g e e  of an 81 x 120 nm 
i n s e r t i o n  o r b i t .  

I t  is clear t h a t  no s i g n i f i c a n t  problems arise dur ing  
launch i n t o  t h e s e  i n s e r t i o n  orbits.  mere are only very 
s m a l l  changes i n  t h e  maximum dynamic p r e s s u r e  and AHI, and 
other abort  and dynamic p res su re  requirements  are m e t .  

_. 

3. P e r i q e e - L i f t  Maneuver Requirements 

T h e  p e r i g e e - l i f t  maneuver is r e q u i r e d  a t  the 
first CSM apogee t o  raise t h e  p e r i g e e  a l t i t u d e  t o  8 1  run. 
Shown below are t h e  characteristics of t h i s  maneuver f o r  
the  selected i n s e r t i o n  o rb i t s  and f o r  t h e  SPS and KCS 
systems r e s p e c t i v e l y .  The RCS data are based on a local 
h o r i z o n t a l  f i x e d  a t t i t u d e  burn i n i t i a t e d  f ive  minutes af ter  
apogee passage . 



Indian Ocean P a c i f i c  Ocean 
SPS RCS SPS RCS 

Delta-v, f p s  150 19 7 50 58 

Burn Duration, Sec 7.0 469 2.3 139 

P r o p e l l a n t ,  LLs 460 694 153 205 

As would be expected, t h e  p ropu l s ive  requirements  fo r  t h e  
I n d i a n  Ocean impact l o c a t i o n  a r e  more severe than  for  t h e  
Pacif ic  Ocean impact due t o  the much lower i n i t i a l  p e r i g e e  
a l t i t u d e .  
for  t h e  Indian  Ocean impact l o c a t i o n  i s  s l i g h t l y  g r e a t e r  
than  t h e  payload ga in  shown i n  t h e  prev ious  s e c t i o n ,  this 
d i f f e r e n c e  is  only 17 l b s  and is n o t  considered t o  r e p r e s e n t  
a payload problem. 

While t h e  a d d i t i o n a l  SPS p r o p e l l a n t  r e q u i r e d  

The RCS p r o p e l l a n t  requi red  f o r  a backup per igee-  
l i f t  maneuver i s  n o t  a payload cons ide ra t ion .  I n  t h e  event  
of an  SPS f a i l u r e ,  t h e  nominal mission could no t  be 
completed and t h e  RCS p r o p e l l a n t  t h a t  would have been used 
i n  t!!e nominal mission i s  s u f f i c i e n t  for a p e r i y e e - l i f t  
maneuver and a d e o r b i t  burn. However, it may be p r e f e r a b l e  
i n  t h i s  s i t u a t i o n  n o t  t o  cont inue t o  o r b i t  w i t h  t h e  RCS 
bzzt t o  r e t u r n  t o  e a r t h  immediateiy ana u s e  t h e  RCS system --- fnr adj~dsttm~efit =f the zfitry trafactory if LL.-& uial- is ' r~qiiired. 

4. Launch Window and Rendezvous Cons idera t ions  

The SL-2 launch o p p o r t u n i t i e s  and pre-IC1 MSFN 
t r a c k i n g  coverage fo r  t h e  two examples were genera ted  i n  
order t o  compare them w i t h  t h e  c u r r e n t  base l ine .  The 
rendezvous p r o f i l e  assumed is i d e n t i c a l  t o  the  c u r r e n t  
b a s e l i n e  except  for  t h e  a d d i t i o n  of the p e r i g e e - l i f t  
maneuver a t  f i r s t  apogee. 

Two of t h e  e f f e c t s  of i n s e r t i n g  a t  t h e  a l t i t u d e s  
and i n s e r t i o n  o r b i t s  descr ibed  f o r  t h e  Indian  and P a c i f i c  
Ocean S-IVB impact cases is t o  reduce t h e  t i m e  between CSM 
i n s e r t i o n  and t h e  NC1 maneuver and i n c r e a s e  t h e  t ine between 
t h e  NSR and TPI maneuvers. The n e t  e f f e c t  of t h e s e  t i m e  
changes is a r educ t ion  i n  t h e  phase angle  caught up by t h e  
CSM between i n s e r t i o n  and TPF, r e g a r d l e s s  of M number. 
Thus, for  t h e  same 14 number, t h e  launch o p p o r t u n i t i e s  f o r  
t h e  example cases s t a r t  e a r l i e r  i n  t h e  launch window than  
for  t h e  c u r r e n t  base l ine .  
F igu res  5, 6, and 7 which show t h e  SL-2 launch o p p o r t u n i t i e s  

This  can be s e e n  by comparing 
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fo r  the c u r r e n t  b a s e l i n e  and t h e  t w o  example cases. 
data w e r e  genera ted  us ing  the  B e l l c o m m  Apollo Simula t ion  
Program, assuming an SL-1 launch on A p r i l  30, 1 9 7 3  a t  1 2 : 3 0  
p.m. EST. 

These 

A s  can be  seen  from t h e  f i g u r e s ,  t h e  maximum 
s h i f t  i n  t h e  t i m e  o f  launch pane occurrence i s  about  1.7 
ininutes ( Ind ian  Ocean S-IVB impact compared t o  t h e  c u r r e n t  
b a s e l i n e ) .  The s h i f t  for  the P a c i f i c  Ocean S-IVB impact 
case i s  about 4.0 minute. For days 1 and 6 t h e  ear l ier  
launch occurrences are b e n e f i c i a l  i n  t h a t  t h e  launch 
o p p o r t u n i t i e s  are longer .  The day 2 and day 7 o p p o r t u n i t i e s  
are shor tened  by t h e  earlier occurrence of t h e  launch 
o p p o r t u n i t i e s ,  b u t  n o t  s i g n i f i c a n t l y .  I n  any case, t h e  
SL-1 i n s e r t i o n  descending node could be s h i f t e d  t o  n u l l  
o u t  these d i f f e r e n c e s  i f  required.  
would r e s u l t  i n  a decrease  i n  t h e  amount of  yaw s t e e r i n g  
r equ i r ed  of t h e  SL-1 launch vehic le . )  

( S h i f t i n g  t h e  node 

Since  N C 1  is baselined as a ground-computed 
maneuver, t h e  pre-NC1 t r ack ing  coverage a v a i l a b l e  is of 
c r i t i ca l  importance. 
requirements  f o r  a ground-computed maneuver are one range 
and range rate pass  ( a t  least t h r e e  minutes long)  followed 
by an upl ink  pass  no ear l ier  than t e n  minutes a f te r  t h e  
l a s t  range and range ra te  da ta  p o i n t  !to be w e d  ir. L!e 
computation) i s  taken. Also, t h e  upl ink  must n o t  occur 
less than  t e n  minutes p r i o r  t o  the maneuver. The t e n  
minute i n t e r v a l s  are t o  allow f o r  maneuver computation and 
v e r i f i c a t i o n .  

The m i n i m u m  t r a c k i n g  coverage 

F igure  8 shows t h e  pre-NC1 t r a c k i n g  coverage 
a v a i l a b l e  for t h e  c u r r e n t  b a s e l i n e  and t h e  t w o  example 
cases for  a center-of-the-window SL-2 launch oppor tuni ty .  
The pre-NC1 t r a c k i n g  coverage f o r  off-center-of-the-window 
SL-2 launch o p p o r t u n i t i e s  and for  SL-3 and SL-4 launch 
o p p o r t u n i t i e s  w i l l  n o t  d i f f e r  s i g n i f i c a n t l y  from t h a t  
shown. The names, abbrev ia t ions ,  and l o c a t i o n s  of the 
t r a c k i n g  s t a t i o n s  used are shown i n  Table  2. 

For t h e  c u r r e n t  b a s e l i n e  and t h e  P a c i f i c  Ocean 
S-IVB impact case, t h e  m i n i m u m  t r a c k i n g  coverage 
requirements  are m e t  f o r  t h e  NC1 maneuver computation. 
For  t h e  Ind ian  Ocean S-IVB impact case however, t h e  N C 1  
maneuver occurs  i n  view of t h e  Madrid s t a t i o n  and the t i m e  
a v a i l a b l e  f o r  up l inking  t h e  maneuver s o l u t i o n  i s  inadequate .  
The s i t u a t i o n  can be remedied by i n s e r t i n g  an a d d i t i o n a l  
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o r b i t  between t h e  p e r i g e e - l i f t  maneuver and PJC1. The 
r e s u l t i n g  launch windows are shown i n  F igure  9.  Note 
however , t h a t  t h i s  e l i m i n a t e s  the P4=5 rendezvous 
o p p o r t u n i t i e s  ( t h e  new minimum would be M=6) . 

MSFN coverage of t h e  p e r i g e e - l i f t  maneuver is 
no t  a v a i l a b l e  f o r  e i t h e r  o f  t h e  example cases. I n  f ac t ,  
t h e r e  i s  no coverage p r i o r  t o  t h e  nex t  CSM per igee .  S ince  
it is  obviously desirable t h a t  t h e  ground knows t h e  outcome 
of t h e  maneuver wi th in  a s h o r t  t i m e  a f t e r  i t  is  t o  be 
performed, it may be d e s i r a b l e  t o  s t a t i o n  an A R I A  a i r c r a f t  
a t  an a p p r o p r i a t e  l o c a t i o n .  

111. Conclusions 

The o f f -pe r igee  i n s e r t i o n  method of c o n t r o l l i n g  
t h e  S-IVB impact p o i n t  has been shown t o  be very e f f e c t i v e .  
For selected example impact a r e a s  i n  t h e  Ind ian  and P a c i f i c  
Oceans, v a r i a t i o n s  i n  t h e  impact p o i n t  l o c a t i o n s  r e s u l t i n g  
f r o m  va r ious  p e r t u r b a t i o n s  t o  t h e  S- IVB decay t r a j e c t o r y  
are s m a l l  and impact always remains w e l l  w i t h i n  d e s i r e d  
ocean ic  areas . 

This  impact p o i n t  c o n t r o l  is ob ta ined  f o r  no 
pena l ty  i n  launch v e h i c l e  performance, launch o p p o r t u n i t i e s ,  
o r  i n  hardware o r  software modi f ica t ions  t o  t h e  launch 
~ t ~ h i c i e  or spacecraft. xne e x t r a  CSM propu l s ive  maneuver 
r equ i r ed  t o  raise t h e  i n s e r t i o n  p e r i g e e  a l t i t u d e  can be 
performed by either t h e  SPS o r  RCS p ropu l s ion  system. I f  
an I n d i a n  Ocean impact p o i n t  is  selected, it may be 
necessary t o  i n c r e a s e  t h e  i n t e r v a l  between o r b i t a l  i n s e r t i o n  
and rendezvous wi th  t h e  OA by one o r b i t .  

--- -. 

I t  is  probably desirable t o  s t a t i o n  an A R I A  
a i r c r a f t  such t h a t  ground v e r i f i c a t i o n  of  t h e  p e r i g e e - l i f t  
maneuver can be obtained w e l l  be fo re  t h e  nex t  CSM per igee .  
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Table 1 

V e h i c l e  C h a r a c t e r  is  t i cs  

s-IVB 

REF. AREA 360 SQ. FT. 

WEIGHT: 27999 LBS. 

CD: NOSE-ON ATTITUDE +2.6305 

TUMBLING +5.20 

REF. AREA 360 SQ. FT. 

CD: .857 (a=O) 



Table 2 

STATION NAMES AND ABBREVIATIONS 

STATION NAME 

Ascension Island 

Bermuda 

Canary Island 

Canberra 

Carnarvon 

Corpus Christi, Texas 

Goldstone 

Guam 

Hawaii 

Madrid 

Merri tt Is land 

NetworK Training 
Facility* 

Santiago 

LOCA' 
Lati tude 

7.955s 

32.351N 

27.765N 

34.415s 

24,9088 

27.654N 

35.342N 

13.309N 

22.125N 

40.455N 

28.508N 

38.970~ 

32.9788 

CON 
Longitude 

14.328N 

64.658W 

15.635M 

148-9773 

113.7243 

9?.3?8W 

116.873W 

144-7343 

159.665W 

4.167W 

80.710W 

76.676W 

70.669W 

ABBREVIATION 

ACN 

BDA 

CY I 

CNB 

CRO 

?EX 

GDS 

G W  

HAW 

MAD 

MIL 

NTF 

SAN 

*NTF is located at the Goddard Space Flight Center and there is a strong 
possibility it will be available (transmitting and receiving) for the 
rendezvous portions of the Skylab mission. 
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